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Íåëîêàëüíàÿ ðàçðåøèìîñòü çàäà÷è Êîøè äëÿ

äèññèïàòèâíîãî óðàâíåíèÿ ïëîòíîñòè äèñëîêàöèé ñ

êâàäðàòè÷íîé íåëèíåéíîñòüþ
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Àííîòàöèÿ. Ðàññìîòðåíî íåëèíåéíîå äèôôåðåíöèàëüíîå óðàâíåíèå â ÷àñòíûõ ïðîèçâîäíûõ
ïåðâîãî ïîðÿäêà, õàðàêòåðèçóþùåå èçìåíåíèå ïëîòíîñòè äèñëîêàöèé ïðè íàëè÷èè äèôôóçè-
îííîé ïîëçó÷åñòè. Ñ ïðèìåíåíèåì ìåòîäà äîïîëíèòåëüíîãî àðãóìåíòà âûâåäåíû ãëîáàëüíûå
îöåíêè ñàìîãî ðåøåíèÿ è åãî ïðîèçâîäíûõ äî òðåòüåãî ïîðÿäêà ïî ïðîñòðàíñòâåííûì ïåðå-
ìåííûì; îïðåäåëåíû óñëîâèÿ, ïðè êîòîðûõ çàäà÷à Êîøè èìååò íåëîêàëüíîå ðåøåíèå.

Êëþ÷åâûå ñëîâà: ïëîòíîñòü äèñëîêàöèé, íåëèíåéíîå óðàâíåíèå ïåðâîãî ïîðÿäêà, ãëîáàëü-
íûå îöåíêè, íåëîêàëüíàÿ ðàçðåøèìîñòü, ìåòîä äîïîëíèòåëüíîãî àðãóìåíòà.

Â ðàáîòå [1] ïðè èçó÷åíèè äèíàìèêè äèñëîêàöèé â òåìïåðàòóðíî- çàâèñèìûõ ÿâëåíè-
ÿõ, òàêèõ êàê äèôôóçèîííàÿ ïîëçó÷åñòü, äëÿ îïðåäåëåíèÿ ïëîòíîñòè äèñëîêàöèé áûëî
âûâåäåíî óðàâíåíèå:

∂ν

∂t
+ δ

[(
∂ν

∂x1

)2

+

(
∂ν

∂x2

)2
]
− Aν +Bν2 = 0, (1.1)

ãäå δ, A,B - ïîëîæèòåëüíûå êîíñòàíòû, õàðàêòåðèçóþùèå ïàðàìåòðû ôèçè÷åñêîãî ïðî-
öåññà, è, â ÷àñòíîñòè, çàâèñÿùèå îò òåìïåðàòóðû. Ïðè âûâîäå óðàâíåíèÿ (1.1) çà îñíîâó
áûëà âçÿòà ìîäåëü èçìåíåíèÿ ñêàëÿðíîé ïëîòíîñòè äèñëîêàöèé â ñòåðæíÿõ ïðè êðó÷åíèè.
Âìåñòå ñ òåì èçâåñòíî, ÷òî óïðóãîå êðó÷åíèå ñòåðæíåé èç-çà ýôôåêòà Ïîéíòèíãà âûçûâàåò
ïðîäîëüíûå äåôîðìàöèè êàê ïðè ìàëûõ, òàê è ïðè áîëüøèõ äåôîðìàöèÿõ [2]. Àíäðîíîâûì
È.Í. è Ëèõà÷¼âûì Â.À. [3] îáíàðóæåí ýôôåêò óäëèíåíèÿ ñòåðæíåé ïðè æ¼ñòêîì ïëàñòè÷å-
ñêîì öèêëè÷åñêîì êðó÷åíèè ñ ìàëîé ñêîðîñòüþ íàãðóæåíèÿ, çàâèñÿùèé îò òåìïåðàòóðû,
àìïëèòóäû è ÷èñëà öèêëîâ çàêðó÷èâàíèÿ, è âûçâàííûé äèñëîêàöèîííîé òåêñòóðîé ìå-
òàëëîâ, áëèçêîé ê äèôôóçèîííîé ïîëçó÷åñòè. Òàêèì îáðàçîì, ýíåðãåòè÷åñêèé áàëàíñ äëÿ
ñâîáîäíîé ýíåðãèè ïðè êðó÷åíèè [4] ÿâëÿåòñÿ óíèâåðñàëüíûì è ïðèåìëåìûì äëÿ ðàñòÿ-
æåíèÿ ñòåðæíåé ïðè äèôôóçèîííîé ïîëçó÷åñòè, ñîõðàíÿþùèé âèä äèôôåðåíöèàëüíîãî
îïåðàòîðà â ïðàâîé ÷àñòè óðàâíåíèÿ (1.1).

Óðàâíåíèå (1.1) îïèñûâàåò èçìåíåíèå ïëîòíîñòè ïåðåïîëçàþùèõ äèñëîêàöèé ñ òå÷åíè-
åì âðåìåíè ïðè çàäàííîì íà÷àëüíîì óñëîâèè

ν(0, x1, x2) = ψ(x1, x2), x21 + x22 ≤ R2. (1.2)

Íî òàê êàê äëÿ äèôôåðåíöèàëüíîãî óðàâíåíèÿ ïåðâîãî ïîðÿäêà íåîáõîäèìû äîïîëíèòåëü-
íûå èññëåäîâàíèÿ, ÷òîáû îïðåäåëèòü óñëîâèÿ, ïðè êîòîðûõ ðåøåíèå çàäà÷è Êîøè (1.1)-
(1.2) íå âûõîäèò èç êðóãà x21+x22 ≤ R2 , òî â [1] áûëî ñäåëàíî óïðîùàþùåå ïðåäïîëîæåíèå,

1 Ïðîôåññîð êàôåäðû ïðèêëàäíîé ìàòåìàòèêè, Íèæåãîðîäñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåð-
ñèòåò èì. Ð.Å.Àëåêñååâà, ã. Íèæíèé Íîâãîðîä; sn-alekseenko@yandex.ru

2 Äîöåíò êàôåäðû ïðèêëàäíîé ìàòåìàòèêè, Íèæåãîðîäñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñè-
òåò èì. Ð.Å.Àëåêñååâà, ã. Íèæíèé Íîâãîðîä; algoritm@sandy.ru
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÷òî (x1, x2) ∈ R2 . Òàê ÷òî íà÷àëüíîå óñëîâèå (1.2) ïðèîáðåëî âèä

ν(0, x1, x2) = φ0(x1, x2), (x1, x2) ∈ R2. (1.3)

Ñ ïîìîùüþ ìåòîäà äîïîëíèòåëüíîãî àðãóìåíòà [5] äëÿ çàäà÷è Êîøè(1.1),(1.3) â [1] áû-
ëî äîêàçàíî íàëè÷èå ëîêàëüíîãî ðåøåíèÿ íà íåêîòîðîì îòðåçêå [0, T1] , îïðåäåëÿåìîì èç
óñëîâèÿ ñõîäèìîñòè ïîñëåäîâàòåëüíûõ ïðèáëèæåíèé, è ïîëó÷åíû ãëîáàëüíûå îöåíêè äëÿ
ñàìîé ôóíêöèè è å¼ ïåðâûõ ïðîèçâîäíûõ:

|ν(t, x1, x2)| ≤ C1 = const,

∣∣∣∣ ∂ν∂xi
∣∣∣∣ ≤ C2 = const, i = 1, 2. (1.4)

Îäíàêî, îöåíîê (1.4) íåäîñòàòî÷íî äëÿ äîêàçàòåëüñòâà ñóùåñòâîâàíèÿ íåëîêàëüíîãî
ðåøåíèÿ íà çàðàíåå çàäàííîì îòðåçêå [0, T ] . Äëÿ ýòîãî íóæíû (êàê âàðèàíò) ãëîáàëüíûå
îöåíêè äëÿ âòîðûõ è òðåòüèõ ïðîèçâîäíûõ, âûâîäó êîòîðûõ è ïîñâÿùåíà äàííàÿ ñòàòüÿ.

Òàê æå êàê â [1], ïðèìåíèì äëÿ èññëåäîâàíèÿ çàäà÷è (1.1),(1.3) ìåòîä äîïîëíèòåëü-
íîãî àðãóìåíòà. Â ñîîòâåòñòâèè ñ èçëîæåííîé â [1] ñõåìîé âíà÷àëå ïðåîáðàçóåì çàäà÷ó
(1.1),(1.3) ê ñèñòåìå êâàçèëèíåéíûõ óðàâíåíèé. Äëÿ ýòîãî ïðîäèôôåðåíöèðóåì (1.1) ïî
x1 è x2 è ââåäÿ íîâûå íåèçâåñòíûå ôóíêöèè p1(t, x1, x2) = ∂x1ν(t, x1, x2), p2(t, x1, x2) =
∂x2ν(t, x1, x2) , ïðèä¼ì ê ñèñòåìå óðàâíåíèé

∂pi
∂t

+ 2δ

(
p1
∂pi
∂x1

+ p2
∂pi
∂x2

)
= Fi(t, ν, p1, p2), (i = 1, 2), (1.5)

ãäå Fi(t, ν, p1, p2) = −(2Bν − A)pi .
Èç (1.1) "ñêîíñòðóèðóåì"åù¼ îäíî óðàâíåíèå ñ òåì æå ñàìûì äèôôåðåíöèàëüíûì îïå-

ðàòîðîì:
∂ν

∂t
+ 2δ

(
p1
∂ν

∂x1
+ p2

∂ν

∂x2

)
= F0(t, ν, p1, p2), (1.6)

ãäå F0(t, ν, p1, p2) = −Bν2+Aν+δ(p21+p22) . Ïðîäèôôåðåíöèðîâàâ (1.3), ïîëó÷èì íà÷àëüíûå
óñëîâèÿ äëÿ p1 è p2 :

pi(0, x1, x2) = φi(x1, x2) = ∂xi
φ0(x1, x2), (i = 1, 2), (1.7)

Äàëåå, ïðîäèôôåðåíöèðîâàâ (1.5), (1.7) ïî x1 è x2 è ââåäÿ îáîçíà÷åíèÿ

q0 =
∂p1
∂x2

=
∂p2
∂x1

=
∂2ν

∂x1∂x2
, q1 =

∂p1
∂x1

, q2 =
∂p2
∂x2

,

ïðèä¼ì åù¼ ê òð¼ì óðàâíåíèÿì:

∂q0
∂t

+ 2δ

(
p1
∂q0
∂x1

+ p2
∂q0
∂x2

)
= −[2δ(q1 + q2) + 2Bν − A]q0 − 2Bp1p2, (1.8)

∂qj
∂t

+ 2δ

(
p1
∂qj
∂x1

+ p2
∂qj
∂x2

)
= −2δq2j − (2Bν − A)qj − 2δq20 − 2Bpj, (j = 1, 2), (1.9)

ñ ñîîòâåòñòâóþùèìè íà÷àëüíûìè óñëîâèÿìè

q0(0, x1, x2) = φ12(x1, x2)
def
=
∂2φ0(x1, x2)

∂x1∂x2
, (1.10)

qj(0, x1, x2) = φjj(x1, x2)
def
=
∂2φ0(x1, x2)

∂xj∂xj
, (j = 1, 2). (1.11)
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Ñîñòàâèì äëÿ çàäà÷è (1.3),(1.5) - (1.11) ðàñøèðåííóþ õàðàêòåðèñòè÷åñêóþ ñèñòåìó ñ äî-
ïîëíèòåëüíûì àðãóìåíòîì:

dη1(s, t, x1, x2)

ds
= 2δw1(s, t, x1, x2), η1(t, t, x1, x2) = x1, (1.12)

dη2(s, t, x1, x2)

ds
= 2δw2(s, t, x1, x2), η2(t, t, x1, x2) = x2, (1.13)

dwi(s, t, x1, x2)

ds
= Fi(s, w0, w1, w2), (i = 0, 1, 2), (1.14)

wi(0, t, x1, x2) = φi(η1(0, t, x1, x2), η2(0, t, x1, x2)), (i = 0, 1, 2), (1.15)

dω0(s, t, x1, x2)

ds
= −[2δ(w1 + w2) + 2Bw0 − A]ω0 − 2Bw1w2, (1.16)

ω0(0, t, x1, x2) = φ12(η1(0, t, x1, x2), η2(0, t, x1, x2)), (1.17)

dωj(s, t, x1, x2)

ds
= −2δω2

j − (2Bw0 − A)ωj − 2δω2
0 − 2Bw2

j , (j = 1, 2), (1.18)

ωj(0, t, x1, x2) = φjj(η1(0, t, x1, x2), η2(0, t, x1, x2)), (j = 1, 2). (1.19)

Äëÿ çàäà÷è (1.12)-(1.15) ïðè âûïîëíåíèè óñëîâèé

φ0 ∈¯2(R2), φ0(x1, x2) ≥
A

2B
(1.20)

èç ðåçóëüòàòîâ ðàáîòû [1] ñëåäóþò ãëîáàëüíûå îöåíêè

A

2B
≤ w0(s, t, x1, x2) ≤ N0, (1.21)

|wi(s, t, x1, x2)| ≤ Φ1, (i = 1, 2), (1.22)

ãäå

N0 = max

{
A+

√
A2 + 2BδΨ2

1

2B
, sup

R2

φ0

}
, Φ1 = max{sup

R2

|φ1|, sup
R2

|φ2|}.

Âûâåäåì ãëîáàëüíûå îöåíêè äëÿ ω0, ω1, ω2 .
Ïðèìåì ïîêà ôîðìàëüíî, à ïîòîì óñòàíîâèì óñëîâèÿ âûïîëíèìîñòè ýòîãî ïðåäïîëî-

æåíèÿ, ÷òî èìååò ìåñòî íåðàâåíñòâî

P
def
= 2δ(w1 + w2) + 2Bw0 − A ≥ 0. (1.23)

Ñ ýòèì ïðåäïîëîæåíèåì èç (1.16)-(1.17) ñëåäóåò ãëîáàëüíàÿ îöåíêà:

|ω0| ≤ N00
def
= Φ12 + 2BΦ2

1. (1.24)

Äëÿ ðàçíîñòè ω1 − ω2 èç (1.18) âûòåêàåò óðàâíåíèå

d(ω1 − ω2)

ds
= −[2δ(w1 + w2) + 2Bw0 − A](ω1 − ω2) − 2B(w2

1 + w2
2).
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Ñ ó÷¼òîì (1.23) ïîñëåäíåå óðàâíåíèå ïðèâîäèò ê ãëîáàëüíîé îöåíêå

|ω1 − ω2| ≤ N12
def
= Φ11 + Φ22 + 2BN2

1 , (1.25)

ãäå Φjj = supR2 |φjj|, (j = 1, 2). Òåïåðü ñëîæèì äâà óðàâíåíèÿ èç (1.18) è çàïèøåì
óðàâíåíèå äëÿ ñóììû ω1 + ω2 :

d(ω1 + ω2)

ds
= −δ(ω1 +ω2)

2− (2Bw0−A)(ω1 +ω2)− δ(ω1−ω2)
2−4δω2

0 −2B(w2
1 +w2

2). (1.26)

Ñ öåëüþ âûâîäà ãëîáàëüíîé îöåíêè äëÿ ω12
def
= ω1 + ω2 ðàññìîòðèì êâàäðàòíîå óðàâ-

íåíèå
δy2 + (2Bw0 − A)y + δ(ω1 − ω2)

2 + 4δω2
0 + 2B(w2

1 + w2
2) = 0. (1.27)

×òîáû ýòî óðàâíåíèå èìåëî äåéñòâèòåëüíûå ðåøåíèÿ, íåîáõîäèìî ÷òîáû äèñêðèìèíàíò
d = (2Bw0 − A)2 − 4δ2(ω1 − ω2)

2 − 16δω2
0 − 8δB(w2

1 + w2
2) áûë íå ìåíüøå íóëÿ:

d ≥ 0. (1.28)

Ñ ó÷¼òîì óæå èìåþùèõñÿ îöåíîê (1.24), (1.25), (1.22) è âîçìîæíîñòüþ âûáðàòü minφ0

äîñòàòî÷íî áîëüøèì (÷òî îïðàâäàíî ñ ôèçè÷åñêîé òî÷êè çðåíèÿ), ìîæíî êîíêðåòíî îïðå-
äåëèòü óñëîâèÿ, êîãäà (1.28) èìååò ìåñòî.

Ïðè âûïîëíåíèè (1.28) óðàâíåíèå (1.27) èìååò äâà êîðíÿ

y1 =
−(2Bw0 − A) +

√
d

2δ
, y1 =

−(2Bw0 − A) −
√
d

2δ
.

Ïðèìåíèâ ê óðàâíåíèþ (1.26) ñ íà÷àëüíûì óñëîâèåì

ω1 + ω2|s=0 = φ11 + φ22

ìåòîä îöåíîê ñ èñïîëüçîâàíèåì ìàæîðàíòíûõ è ìèíîðàíòíûõ óðàâíåíèé, ðàçâèòûé â [6],
[7], ïîëó÷èì, ÷òî ïðè

∂2φ0

∂x21
+
∂2φ0

∂x22
> y∗

def
= max

s∈[0,T ]
y1 (1.29)

áóäåò ñïðàâåäëèâà îöåíêà

y∗ ≤ ω1 + ω2 ≤
∂2φ0

∂x21
+
∂2φ0

∂x22
. (1.30)

Â ñèëó îöåíêè (1.30)

ω1 + ω2 ≥
−(2Bw0 − A) +

√
d

2δ
> −2Bw0 − A

2δ
.

À çíà÷èò P = 2δ(w1 + w2) + 2Bw0 − A > −2δ 2Bw0−A
2δ

− (2Bw0 − A) ≥ 0.
Òàêèì îáðàçîì, â ðàìêàõ ñäåëàííûõ ïðåäïîëîæåíèé óñëîâèå (1.23) äåéñòâèòåëüíî èìå-

åò ìåñòî, ñîîòâåòñòâåííî âûïîëíÿþòñÿ îöåíêè (1.24), (1.25), (1.30).
Èç (1.25), (1.30) ñëåäóþò îöåíêè

−Φ11 − Φ22 + y∗

2
−BN2

1 ≤ ωi ≤ Φ11 + Φ22 +BN2
1 , i = 1, 2.

Îáîçíà÷èâ N1 + max{Φ11 + Φ22 +BN2
1 ,

1
2
(Φ11 + Φ22 +N∗) +BN2

1} , ãäå N∗ = sup[0,T ]×R2 y∗ ,
ïîëó÷èì ãëîáàëüíóþ îöåíêó

|ωi(s, t, x1, x2)| ≤ N1, (i = 1, 2). (1.31)

Æóðíàë ÑÂÌÎ. 2013. Ò. 15, � 1



32 Ñ. Í. Àëåêñååíêî, C. Í. Íàãîðíûõ

Êàê óñòàíîâëåíî â [1] ïðè φ0 ≥ A
2B

âûïîëíÿåòñÿ íåðàâåíñòâî w0(s, t, x1, x2) ≥ φ0 ïðè
âñåõ x . Ïóñòü Φ0(Φ0 ≥ A

2B
) òî ìèíèìàëüíîå çíà÷åíèå φ0(x1, x2), ïðè êîòîðîì èìååò ìåñòî

óñëîâèå (1.28). Èç îöåíîê (1.4), (1.22), (1.24), (1.31) ïðè âûïîëíåíèè óñëîâèé (1.28), (1.29),
φ0 ≥ Φ0 , âûòåêàþò îöåíêè

Φ0 ≤ν(s, t, x1, x2) ≤ N0,∣∣∣∣ ∂ν∂xi
∣∣∣∣ ≤ C2, (i = 1, 2),

∣∣∣∣ ∂2ν

∂x1∂x2

∣∣∣∣ ≤ N00,

∣∣∣∣ ∂2ν

∂xj∂xj

∣∣∣∣ ≤ N1, (i = 1, 2).
(1.32)

Îñíîâûâàÿñü íà âûâåäåííûõ ãëîáàëüíûõ îöåíêàõ è òîæäåñòâàõ

w0(s, t, x1, x2) = w0(s, s, η1(s, t, x1, x2), η2(s, t, x1, x2)) = ν(s, η1(s, t, x1, x2), η2(s, t, x1, x2)),

wi(s, t, x1, x2) = wi(s, s, η1(s, t, x1, x2), η2(s, t, x1, x2)) = pi(s, η1(s, t, x1, x2), η2(s, t, x1, x2)),

(i = 1, 2),

ïîëó÷èì ãëîáàëüíûå îöåíêè

|∂xi
wj| ≤M1

ij = const, |∂xi
ηk| ≤ Cη = const, i = 1, 2; j = 0, 1, 2; k = 1, 2.

Íàêîíåö, ïðîäèôôåðåíöèðîâàâ (1.18), (1.19) ïî x1 è x2 , ïðèäåì ê äâóì ëèíåéíûì
ñèñòåìàì äèôôåðåíöèàëüíûõ óðàâíåíèé îòíîñèòåëüíî ∂x1ωj è ∂x2ωj, (j = 0, 1, 2). Äëÿ
âñåõ ôóíêöèé,âõîäÿùèõ â ýòè ñèñòåìû (êðîìå ∂x1ωj è ∂x2ωj ) óæå ïîëó÷åíû ãëîáàëüíûå
îöåíêè. Îñíîâûâàÿñü íà ëåììå 4.1 èç ãëàâû IV êíèãè [8] ïðèõîäèì ê çàêëþ÷åíèþ, ÷òî ñó-
ùåñòâóþò òàêèå ïîñòîÿííûå ÷èñëà, íå çàâèñÿùèå îò ëîêàëüíîãî èíòåðâàëà ðàçðåøèìîñòè,
÷òî

|∂xi
ωj| ≤M2

ij = const, i = 1, 2; j = 0, 1, 2, (1.33)

äëÿ âñåõ s, t íà ëþáîì ïðîìåæóòêå ðàçðåøèìîñòè çàäà÷è (1.12) - (1.19). Ñîîòâåòñòâåííî,
îöåíêà (1.33) ñîõðàíÿåòñÿ ïðè s = t , ò.å. |∂xi

qj(t, x1, x2)| ≤M2
ij , ÷òî âëå÷åò â ñâîþ î÷åðåäü

îöåíêè: ∣∣∣∣∂3ν∂x31

∣∣∣∣ ≤M2
11,

∣∣∣∣∂3ν∂x32

∣∣∣∣ ≤M2
22,

∣∣∣∣ ∂3ν

∂x1∂x22

∣∣∣∣ ≤M2
12,

∣∣∣∣ ∂3ν

∂x21∂x2

∣∣∣∣ ≤M2
21. (1.34)

Ïîëó÷åííûå ãëîáàëüíûå îöåíêè (1.32), (1.34) äàþò âîçìîæíîñòü ïðîäëèòü ðåøåíèå íà
ëþáîé çàäàííûé âíà÷àëå ïðîìåæóòîê [0, T ] . Ñôîðìóëèðóåì îáùèé èòîã èññëåäîâàíèÿ.

Ò å î ð å ì à 1.2. Ïóñòü δ, A,B - ïîëîæèòåëüíûå ÷èñëà, φ0 ∈ C 3
(R2), infR2 φ0 ≥

A(2B)−1, âûïîëíåíû óñëîâèÿ (1.28),(1.29). Òîãäà çàäà÷à Êîøè (1.1),(1.3) èìååò ðåøåíèå

ν(t, x1, x2) ∈ C 1,3
([0, T ] × R2) íà ëþáîì çàäàííîì âíà÷àëå êîíå÷íîì ïðîìåæóòêå [0, T ]

èçìåíåíèÿ ïåðåìåííîé t, êîòîðîå ñîâïàäàåò ïðè s = t ñ ôóíêöèåé w0(s, t, x1, x2), îïðå-
äåëÿåìîé èç çàäà÷è (1.12)- (1.17).
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Nonlocal solvability od the Cauchy problem for the

dissipative equation of the dislocation density with a

quadratic non-linearity

c⃝ S. N. Alekseenko3, S. N. Nagornykh4

Abstract. A non-linear �rst-order partial di�erential equation describing a dislocation density
changing under a coercion of the di�usion creep is considered. The global estimates of the solution
and its derivatives up to third order with respect to spatial variables are derived and the conditions
of the non-local solvability of the Cauchy problem are determined with using the method of an
additional argument.

Key Words: dislocation density, nonlinear �rst-order partial di�erential equation, global
estimates, nonlocal solvability, method of an additional argument.

3 The professor of the applied mathematics chair, Nizhniy Novgorod State Technical University, Nizhniy
Novgorod; sn-alekseenko@yandex.ru

4 The senior lecture of the applied mathematics chair, Nizhniy Novgorod State Technical University, Nizhniy
Novgorod; algoritm@sandy.ru

MVMS journal. 2013. V. 15, No. 1


